A new species of bacteria is described for which the name Streptomyces inusitatus is proposed. The organism is characterized by a blue mass of aerial mycelium, coiled spore chains, spores with smooth surfaces, and a nonchromogenic vegetative mycelium. The type strain of S. inusitatus is strain T-41575 (=
A new species of bacteria is described for which the name Streptomyces inusitatus is proposed. The organism is characterized by a blue mass of aerial mycelium, coiled spore chains, spores with smooth surfaces, and a nonchromogenic vegetative mycelium. The type strain of S. inusitatus is strain T-41575 (= I F 0 13601).
During the course of a screening program for the detection of antibiotic producers among commonly occurring members of genera of the order Actinomycetales Buchanan, a streptomycete (strain T-41575) was isolated which produced a known antibiotic, oxamicetin (4) (= antibiotic T-41575 [2] ), previously reported to be produced by a non-streptomycete (Arthrobacter oxamicetus [ 141) and active against both gram-positive (including acid-fast) and gramnegative bacteria. Because this strain produces blue aerial hyphae, spiral spore chains, spores with smooth surfaces, and colorless vegetative mycelium, it is believed to be a member of a new species of Streptomyces. The name Streptomyces inusitatus is proposed for this new species, the type strain of which is T-41575.
MATERIALS AND METHODS
Bacterial strain. Strain T-41575 was isolated in April 1973 from a soil sample collected in Asuka Village, Nara Prefecture, Japan.
Morphological characterization. The morphologies of the spore chains and of the mycelia of the organism grown on glucose-asparagine agar (15) , yeast extract-malt extract agar (International Streptomyces Project [ISP] no. 2) (9), and inorganic salt-starch agar (ISP no. 4) (9) at 28°C for 7 to 14 days were studied with a light microscope. Electron micrographs of the spores were obtained with a JEM-T7S electron microscope (Japan Electron Optics Lab. Co. Ltd.).
Cultural characterization. For the examination of its cultural characteristics, strain T-41575 was cultivated on the various ISP media suggested by Shirling and Gottlieb (12) and on several media recommended by Waksman (15) . The strain was inoculated on glucose-asparagine agar at 28°C for 10 days. Spores were suspended in sterilized water, and a loopful of the suspension was used to inoculate each medium. Cultures were incubated at 28°C for up to 14 days and were observed at 7 and 14 days.
Physiological characterization. Media used for the physiological characterization of the strain were prepared by methods outlined by Waksman (15) and by Shirling and Gottlieb (9) . Each culture was incubated at 28°C for 14 days except those in milk (37"C, 21 days) and gelatin (24"C, 21 days) media. Temperature requirements for growth were determined on yeast extract-malt extract agar (ISP no. 2) and glucose asparagine agar slants incubated for 14 days in a temperature gradient incubator (model TN-3) (Toyo Kagaku Sangyo Co. Ltd.).
Carbohydrate utilization. Carbohydrate utilization was investigated by the method described by Pridham and Gottlieb (7).
Cell wall analysis. A cell wall analysis of the strain was made by the method described by Becker et al. (1) .
RESULTS AND DISCUSSION
Morphological characteristics. The vegetative mycelium of the strain did not fragment into coccoid or bacillary elements. The aerial mycelium was simply branched and terminated in open or closed coils of three or more volutions (Fig. 1) . Sporangia, flagellated spores, and fragmented hyphae were not observed. Spores were ellipsoidal to cylindrical, 0.5 to 0.7 by 0.9 to 1.4 pm, with smooth surfaces (Fig. 2) .
Cultural characteristics. The cultural characteristics of the strain on various media are presented in Table 1 . In general, no distinctive color of the vegetative mycelium was observed either on organic or on chemically defined media. The color of the aerial mycelium was bluegray on Czapek agar, glucose-asparagine agar, yeast extract-malt extract agar, inorganic saltsstarch agar, and tyrosine agar.
Physiological characteristics. A dark-
brown, melanoid-like pigment was not produced on either tyrosine agar or peptone-yeast extractiron agar. Starch was hydrolyzed, gelatin was weakly liquefied, and milk was peptonized, but nitrate was not reduced. Growth of the strain was noted between 15 and 32°C. Optimum growth occurred between 28 and 30°C.
Carbohydrate utilization. tose, rhamnose, sucrose, raffinose, trehalose, salicin, esculin, ribose, mannose, sodium acetate, or sodium succinate.
Cell wall analysis. Cell wall preparations of the strain contained L-diaminopimelic acid, glycine, aspartic acid, alanine, leucine, and glutamic acid as major constituents. Arabinose and galactose were not detected in hydrolysates. Based on these results, the cell wall of the strain was found to be of type I of Becker et al. ll), S. caelestis (8, lo), S. triangulata (13), and S. ipomoea (12) were similar to strain T-41575 with respect to the color (blue) of the aerial mass and the spore surface (smooth). However, these taxa are readily distinguished from strain T-41575 by the following: S. azureus and S. caeZestis produce melanoid pigments in tyrosine agar and peptone-yeast extract-iron agar; the aerial mass color of mature aerial mycelium of S. amakusaensis is of the green or blue color series on yeast extract-malt extract agar, this taxon produces melanoid pigments in peptoneyeast extract-iron agar, and mannose, arabinose, and raffinose are utilized for growth; there are three types of spores in the spore chains of S. triangulata (one type of spore is oval to cylindrical, as commonly formed by streptomycetes, one is triangular, and the other is "T"-shaped), and all three types have smooth surfaces; spore chains of S. ipomoea are usually short and give rise to hooks, loops, incomplete spirals, or spirals of only one or two turns; and L-arabinose, Dxylose, i-inositol, D-mannitol, D-fructose, rhamnose, sucrose, and raffinose are all utilized for growth by S. ipomoea.
To the best of our knowledge, there has not yet been reported a Streptomyces species of the blue series (color of aerial mycelium) which produces a nonchromogenic vegetative mycelium and coils of spores with smooth surfaces. On the basis of these observations, we believe that strain T-41575 represents a new species of Streptomyces, for which we propose the name S. inusitatus (in.usi.ta'tus; L. adj. inusitatus, unusual).
A detailed description of the new species follows.
Streptomyces inusitatus sp. nov.
Spore-chain morphology: Spore-bearing hyphae are simply branched and possess open or closed coils of spores. Sporangia, flagellated spores, and fragmented hyphae are not formed. The spores (0.5 to 0.7 by 0.9 to 1.4 pm) are ellipsoidal to cylindrical, have smooth surfaces, and are arranged in coiled chains.
Color of colonies: The color of the aerial mycelium is blue-gray to gray-blue on Czapek agar, glucose-asparagine agar, yeast extract-malt extract agar, inorganic salts-starch agar, and tyrosine agar.
Color of reverse side of colony: No distinctive pigments are formed on the reverse sides of colonies grown on either chemically defined or organic media.
Color in medium: No pigment or only a trace of ivory color is formed in oatmeal agar.
Physiological properties: Starch is hydrolyzed, gelatin is weakly liquefied, and milk is pepto-nized. Carbon sources such as maltose, lactose, glycerol, starch, and sodium citrate are utilized for growth. Poor growth is obtained with D-galactose and D-glucose.
Cell wall composition: L-Diaminopimelic acid, glycine, aspartic acid, alanine, leucine, and glutamic acid, but not arabinose and galactose, are contained in cell wall preparations. The cell wall is of type I of Becker et al.
Mesop hilic. Aerobic. Antagonistic properties: Produces oxamicetin. Habitat: Soil. Type strain: Strain T-41575. A culture of this strain has been deposited in the Institute for Fermentation, Osaka (IFO), under the accession number 13601. Because the description given above for the species is based on a single strain, the type strain, the species description also serves as the description of the type strain.
